Observational studies suggest a major cardioprotective eVect of oestrogen in postmenopausal women [1] [2] [3] but the mechanism has not been completely explained. Reported eVects of exogenous oestrogen include an increase in high density lipoprotein cholesterol and a decrease in total and low density lipoprotein cholesterol, 4 5 an improvement in carbohydrate metabolism, 6 direct vascular eVects that are both endothelium dependent 7 and endothelium independent, 8 and more recently, an antioxidant eVect. 9 Recent findings also suggest that oestrogen may have a beneficial eVect on risk by reducing thrombotic tendency. This is in contrast to reports that synthetic oestrogens used in oral contraceptives promote thrombosis. 10 Postmenopausal natural oestrogen replacement has been associated with a favourable decrease in prothrombotic factors such as fibrinogen, 5 11 12 although in a placebo controlled trial conjugated oestrogens have also been shown to increase plasma levels of fibrinopeptide A and F 1+2 fragments, suggesting enhanced thrombin generation. 13 If that occurs, an increase in the fibrinolytic potential could provide a counterbalancing eVect. In findings from the Framingham oVspring study, 14 which are supported by other observational data, 15 16 our group has shown an association between a higher oestrogen status (premenopausal women and postmenopausal women receiving oestrogen replacement treatment), and increased fibrinolytic potential. 14 Several prospective studies support a role for the fibrinolytic system in the development of vascular diseases, by showing that impaired fibrinolysis-as assessed by low fibrinolytic activity 17 18 and high concentrations of plasminogen activator inhibitor (PAI-1) [19] [20] and tissue plasminogen activator antigen (t-PA) 21 -predicted an increased risk of myocardial infarction and stroke.
Because of the potential limitations of observational studies, we employed a randomised, double blind, placebo controlled crossover design to investigate the eVect of two doses of postmenopausal oestrogen replacement treatment on fibrinolytic potential.
Methods

STUDY POPULATION
Nineteen postmenopausal women participated in the study. They were aged 44 to 69 years, mean (SEM), 55.7 (6.7) years. Women were eligible if they had not received hormone replacement treatment for at least two months before the study, and their menopause had routine clinical chemistry. The study was approved by the hospital institutional review board, and all participants gave written informed consent. Eligible patients were placed on a low cholesterol American Heart Association step I diet for six weeks before randomisation. Patients were initially randomly assigned to one of three treatment groups: 1 mg or 2 mg oral 17 -oestradiol (Estrace, Mead Johnson, Evansville, Indiana, USA) daily, or placebo. At the conclusion of each nine week treatment period, the patients were given 10 mg of progestin (Provera, Upjohn, Kalamazoo, Michigan, USA) daily for 10 days to shed any stimulated endometrium. After three weeks oV treatment, subjects crossed over to the next treatment regimen. All patients received placebo and the two doses of oestradiol in random order.
BLOOD SAMPLING AND ANALYSIS
Blood samples were collected at baseline, and after three, six, and nine weeks of each treatment regimen. For determination of fibrinolytic activity and t-PA antigen levels, blood was collected between 08:00 and 10:00 from an antecubital vein after an overnight fast into tubes containing EDTA. Plasma was separated by centrifugation at 2500 ×g for 30 minutes at 4°C. Plasma aliquots were frozen and stored at −70°C for subsequent analysis. Fibrinolytic activity in euglobulin fraction was determined on fibrin plates in duplicates as previously described. 22 The area of lysis achieved in the fibrin plate (in mm 2 ) 18 to 20 hours after the addition of a 30 µl of the euglobulin precipitate was measured, and the average of the two determinations taken. Levels of t-PA antigen were measured in duplicate using a commercially available kit from Biopool (TintElize t-PA, Umea, Sweden), following a procedure described by Ranby et al. 23 The intra-assay coeYcient of variation in our laboratory was 8.0% for the fibrin plate assay and 5.5% for t-PA antigen.
STATISTICAL ANALYSIS
Logarithmic transformation was performed on the variables to achieve normality, and geometric means are presented. Treatment and treatment order eVect was evaluated using analysis of variance (ANOVA) for repeated measures, with the Student-Newman-Keuls method for multiple comparisons. Two tailed p values < 0.05 were considered significant. All values are presented as mean (SEM). Confidence intervals were calculated using standard analytical methods. Table 1 shows the demographic and clinical characteristics of the population studied. All women were healthy postmenopausal subjects with mild hypercholesterolaemia.
Results
EFFECT ON FIBRINOLYTIC ACTIVITY
The data are shown in figs 1 and 2 and in table 2. Fibrinolytic activity increased significantly after the administration of 2 mg oestradiol for nine weeks when compared with placebo (80 (9) v 54 (5) mm 2 , 2 mg v placebo, p = 0.002). This was a 48% increase in fibrinolytic activity (95% confidence interval 13% to 87%, p = 0.002). The increase in fibrinolytic activity was already present after six weeks of treatment. The 1 mg dose of oestradiol tended to increase the fibrinolytic activity but the change did not reach significance.
EFFECT ON t-PA ANTIGEN
These data are shown in figs 3 and 4 and in table 2. Mean (SEM) t-PA antigen concentration after treatment with 2 mg oestradiol for nine weeks was 5.8 (0.9) ng/ml, significantly lower than after placebo treatment (8.3 (1.2) ng/ml, p < 0.001). This was a 31% decrease (95% confidence interval 17% to 41%, p < 0.001). The 1 mg oestradiol treatment also decreased t-PA antigen concentrations after nine weeks: 6.9 (1.0) v 8.3 (1.2) ng/ ml, 1 mg v placebo, p = 0.043.
To assess the possibility of a carryover eVect from each treatment phase into the next one, we compared the baseline values of the variables in each phase. No significant diVerences were found.
Discussion
Our results indicate that hormone replacement treatment with 17 -oestradiol increased the fibrinolytic potential within nine weeks of treatment. These results extend previous observations of an association between high oestrogen status (postmenopausal women receiving oestrogen replacement and premenopausal state) and heightened fibrinolytic potential. 14 The increase in fibrinolytic potential represents a potential mechanism for the cardioprotective eVect of oestrogen replacement treatment among postmenopausal women.
IMPAIRED FIBRINOLYSIS AND CORONARY HEART DISEASE Most cross sectional studies of patients with coronary artery disease have shown decreased fibrinolytic activity compared with control subjects. 17 18 While impaired fibrinolysis has chiefly been evaluated using plasminogen activator inhibitor (PAI-1), 20 high concentrations of t-PA antigen also reflect impairment of the fibrinolytic system, as most of the t-PA antigen measured is complexed with PAI-1 and is inactive. 24 Concentrations of t-PA antigen and PAI-1 antigen are shown to be highly correlated. 25 Prospective studies have also shown that raised t-PA antigen concentrations predict an increased risk of infarction in asymptomatic men, 21 and an increased mortality in subjects with coronary artery disease. 26 A recent prospective study showed that among the fibrinolytic variables evaluated, high t-PA antigen concentrations were associated with the highest relative risk of subsequent coronary events in the follow up. 27 In the present study, we determined fibrinolytic potential using two diVerent assays: activity in euglobulin fractions (a global measure of fibrinolytic activity) and t-PA antigen.
OESTROGEN AND FIBRINOLYSIS
Our findings that 17 -oestradiol produced an increase in fibrinolytic potential confirm previous observational studies of postmenopausal women receiving oestrogen alone 14 15 or a combination of oestrogen and progestin. 12 Sporrong and colleagues found similar results when measuring plasminogen activator inhibitor activity. 28 Recently, Koh and coworkers showed that after only four weeks of treatment with conjugated equine oestrogen there was an increase in fibrinolytic potential as measured by decreased levels of PAI-1 antigen. 29 The increased fibrinolysis in the present study became significant after six weeks and disappeared during placebo treatment, suggesting that this potential component of the cardioprotective eVect can be gained quickly but is mainly limited to the time during which the subjects are taking oestrogen. These data are consistent with findings from observational studies that the cardiovascular benefit of hormone replacement treatment is predominantly present during active treatment and is reduced when treatment is discontinued. 12 In the present study, we also demonstrated a dose related eVect. As activation of the coagulation system has also been reported with oral contraceptives and postmenopausal oestrogen treatment, 10 13 the increase in fibrinolytic potential may counterbalance a harmful eVect on coagulation. Although an overall increase in fibrinolytic potential after oestrogen treatment was observed in our study, some women did not show changes in the fibrinolytic variables. In these subjects, the potential activation of the coagulation system 13 may be harmful. The mechanism by which oestrogen may increase the fibrinolytic potential is not clear. As oestrogen receptors have been demonstrated on endothelial cells, 30 31 it is possible that oestrogen may directly influence the biosynthesis and secretion of t-PA and PAI-1 from the endothelium. 32 Supporting this are the observations that PAI-1 production is influenced by other hormones, 33 and that oestrogen modifies the production and secretion of other endothelium derived substances such as nitric oxide. 34 However, in two studies, incubation of endothelial cells with oestrogen did not change PAI-1 production. 10 35 The fibrinolytic eVect of oestrogen could act through an antioxidant eVect. By inhibiting oxidisation of low density lipoproteins, 9 oestrogen treatment could make these particles less eVective in stimulating PAI-1 production by endothelial cells. 36 In addition, oestrogen acts on carbohydrate metabolism, reducing plasma insulin and decreasing insulin resistance. 6 As insulin stimulates the synthesis of PAI-1 in vitro 37 and in vivo, 38 a reduction of insulin levels by oestrogen might result in lower PAI-1 secretion and less inhibition of the fibrinolytic system. It is also possible that there is increased clearance of t-PA/PAI-1 complexes owing to oestrogen mediated upregulation of liver function. These mechanisms should be investigated in further trials.
LIMITATIONS
As the study participants had mild hypercholesterolaemia, the results cannot necessarily be extrapolated to postmenopausal women whose cholesterol levels are normal. However, a consistent association between oestrogen status and fibrinolysis has been demonstrated in observational studies after adjustment for lipid levels, 14 15 and in a clinical trial of healthy women. 29 The importance of fibrinolytic indices as risk factors in women requires further investigation because previous studies have primarily been conducted in men, although a recent report showed that the activity of euglobulin fractions is an important marker of risk for women. 18 As the blood samples for the present study were collected in EDTA, we were unable to make reliable measurements of PAI-1 antigen, an important marker of impairment of the fibrinolytic system. However, t-PA antigen also provides a measure of the fibrinolytic potential, which is strongly correlated with PAI-1 antigen, and has been shown to be an important predictor of events. 27 Furthermore our study complements that of Koh et al, who measured PAI-1. 29 Finally, the eVect of combined oestrogen-progestin preparations on fibrinolytic potential requires further study, although there are suggestions from observational data, 14 but not from a controlled trial, 29 that there may be partial attenuation of the eVect of oestrogen alone. The eVects of transdermal oestradiol should also be assessed in future investigations.
In conclusion, our finding that treatment of postmenopausal women with oral 17 -oestradiol increases fibrinolytic potential suggests that the reduction of cardiovascular risk associated with oestrogen treatment may in part be the result of a reduction in thrombotic tendency. 
